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(54) Method and assembly for coating a moving web of paper or paperboard 



(57) The invention relates to a method and assem- 
bly for coating a moving web (1 ) of paper or paperboard 
by means of a coating mix jet which is directed to the 
surface of the web (6) without mechanical support. The 
invention is based on applying a desired amount of the 



coating mix to the web (1) via a narrow-gap slit orifice 
(5), and by virtue of measuring the coat weight on the 
web (1), adjusting the position of at least one lip (4) of 
the slit orifice (5) in order to achieve the desired weight 
and cross-machine profile of the applied coat. 
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Description 

The present invention relates to a method accord- 
ing to the preamble of claim 1 for coating a moving web 
of paper or paperboard by means of a coating mix jet 
directed to the surface of the web without mechanical 
support. 

The invention also concerns an assembly suitable 
for implementing said method. 

Coater equipment based on applying the coat to the 
surface of a moving web by means of an unguided jet 
directed to the web surface are generally known in the 
art as jet nozzle applicators. In these jet nozzle applica- 
tors, the coating mix is applied to the web surface with 
the help of a separate jet-forming slit nozzle, whereby 
the equipment construction may be varied widely. The 
present invention concerns a jet-nozzle type applicator 
in which the coating mix is directed to the web surface 
as a narrow linear jet via a slit orifice extending overthat 
portion of the cross-machine width of the web which is 
to be coated. This type of a coater is also known as a 
fountain coater. In the jet nozzle coater, or the fountain 
coater, the entire amount of required coat is transferred 
to the web surface. The application of the coat is per- 
formed to the surface of the web running supported by 
a backing roll, and conventionally, the coat is smoothed 
immediately after application by means of a doctor blade 
adapted to the perimeter of the same backing roll. The 
operating parameters of the coating mix jet can be con- 
trolled by varying the slit opening width, jet angle and 
position of the slit orifice lips. This method of coat appli- 
cation is characterized by a very low loading of the web 
and relatively modest pumping volume of the coating 
mix, whereby the need of linear loading of the doctor 
blade remains smaller than in, e.g., a roll applicator thus 
improving web runnability and increasing the life of the 
doctor blade. 

In the European patent application no. 91 3061 38.8 
is described a jet nozzle applicator in which coat appli- 
cation occurs in the above -described manner. The ap- 
paratus comprises a rotating backing roll and a jet noz- 
zle having a slit orifice adapted close to a web running 
supported by the backing roll. The coat is applied to the 
web through the slit orifice and subsequently doctored 
to desired coat weight with the help of a doctor blade 
mounted close to the backing roll. The jet nozzle assem- 
bly is mounted rotatable such that the nozzle tilt angle 
with respect to the backing roll can be adjusted. The 
center of rotation for tilting the nozzle assembly is ar- 
ranged to be at the nozzle orifice exit opening, whereby 
the clearance of the nozzle orifice from the web remains 
constant during the adjustment of the nozzle angle with 
respect to the web. 

Using a sufficiently high impact velocity and large 
volume of the coating mix jet stream, current jet nozzle 
coaters can be run at web speeds as high as about 1 500 
- 1600 m/min, however, with the penalty that the high 
mass flow rate of coat passed on the moving web to the 



doctor blade may readily put the doctor blade into vibra- 
tions. To make doctoring easier the amount of applied 
coating mix should be controlled to a value as close as 
possible to the final coat weight, which is difficult to ac- 
5 complish in current coaters that do not lend themselves 
to operate at such low coat weights. However, if the 
amount of applied coat is kept below 150 g/m 2 , doctor- 
ing can be performed at a relatively low linear loading 
of the blade, which means that theoretically a jet nozzle 
10 applicator should be able to manage these coat weights 
also at high web speeds. Herein, another problem arises 
at high web speeds therefrom that the coating mix jet 
fails at these low coat weights to penetrate sufficiently 
well through the air layer travelling with the web, where- 
is by the web tends to become marked with large number 
of uncoated spots. Since the velocity of the coating mix 
jet stream cannot be increased above a certain limit, it 
is necessary to use a large amount of applied coat to 
cut through the air barrier. If the jet velocity is reduced 
20 with regard to the web speed, the mass flow rate of coat- 
ing mix passed through the jet nozzle may be increased 
correspondingly; but even in this case the coat amount 
fed through the jet nozzle cannot be made very small. 
Typically, the exit velocity of the coating mix jet stream 
2S is 1 5 - 20 % of the web speed, which means that a web 
speed of 20 m/s requires a coating mix jet stream ve- 
locity of 4 - 5 m/s. 

In a jet nozzle applicator, the amount of coat applied 
to the web is in the order of 200 - 300 ml/m*. from which 
30 the doctor blade removes 90 - 95 %. Herein, the nozzle 
orifice gap width is set to a about 0.7 - 1 mm, sometimes 
even as wide as 3 mm. 

The smallest amount of coating mix that can be ap- 
plied is determined by the gap width of the slit orifice. 
35 Obviously, while a narrower orifice allows a thinner coat- 
ing mix jet stream to be ejected, a practical difficulty ap- 
pears in the manufacture of straight lips for slit orifices 
having gap widths of less than one millimeter extending 
over the entire machine width with a high dimensional 
40 accuracy. In fact, to apply exactly the desired amount of 
coating mix to web, the gap width of the slit orifice should 
be controlled to 20 - 100 urn. As the gap width of a slit 
orifice this narrow cannot be measured reliably by 
means of mechanical gauges, very expensive measure- 
rs ment devices of special design would be required gaug- 
ing the gap width of slit orifice. On the basis of the above 
discussion, it is easy to see that, by virtue of a facility 
permitting direct application of a desired coat amount to 
the web, the doctoring step after the application of the 
so coat would become redundant and also other benefits 
could be gained. 

It is an object of the present invention to provide a 
method suited for direct coating of the surface of a mov- 
ing web with a small amount of coating mix controlled 
ss to be equivalent to the desired coat weight. 

The goal of the invention is achieved by applying 
the desired amount of coat to the web via an extremely 
narrow slit orifice and then measuring the coat weight 
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of the coated web, whereby the position of at least one 
lip in the jet nozzle assembly is adjusted in order to con- 
trol the coat weight and the cross-machine coat profile 
to desired values. 

More specifically, the method according to the in- 
vention is characterized by what is stated in the charac- 
terizing part of claim 1 . 

Furthermore, the assembly according to the inven- 
tion is characterized by what is stated in the character- 
izing part of claim 9. 

The invention offers significant benefits. 
The principal advantage of the invention is that the 
web can be coated with an accurately controlled amount 
of coating mix, whereby doctoring will become redun- 
dant. In the present coating method, the coat forms a 
contour-like surface texture, similar to that of air-brush 
coating, which is easy to smooth by calendering. The 
coating power of such a surface texture is high, making 
the method most suitable for coating paper and paper- 
board grades of low base sheet brightness. Since no 
excess coat is applied to the web, the method needs no 
return circulation of coat overflow and the coating mix 
applied to the web is always taken from a supply of vir- 
gin, clean coat furnish. Resultingly, the straining and re- 
moval of entrained air from the coating mix furnish will 
become easier, because the coating mix feed system 
never contains recirculating coating mix degraded by 
entrained air and coat lumps. Moreover, since no me- 
chanical load is inflicted on the web being coated and 
no doctoring is required, extremely good web runnability 
is achieved. The first coat layer may be immediately cov- 
ered with a second coat layer without intermediate dry- 
ing, because the application of a second coat layer on 
the web takes place as readily on a wet first coat layer 
as on an uncoated base sheet. Optionally, the first coat 
layer may be applied using any alternative method. For 
instance, the first coat layer may be applied using a 
blade coater, which is a method well-known to form a 
smooth coat surface with the coating mix filling the 
roughness of the base web profile. If a coat layer of high 
coating power is then applied on such a smooth first coat 
layer by virtue of the method according to the present 
invention, a very high final coat quality will be attained. 

With regard to the consumption of the coating mix, 
a smaller volume of coat furnish will suffice, because no 
extra volume of recirculating coat is needed. The meth- 
od can be adapted to cover a wide range of coat weights. 
The lightest possible coat weight is determined by the 
narrowest realizable gap width of the slit orifice and the 
heaviest applicable coat weight is limited to the maxi- 
mum amount of coating mix that can be carried by the 
web as a smooth layer. Thus, the method can provide 
in a 6ingle coating step a coat weight as high as that 
achievable in multilayer coating. The thickness range of 
the applied coat layer is not dependent on the qualities 
of the base paper, because the application inflicts no 
stress on the web. Resultingly, a thick coat can be ap- 
plied also to a thin base sheet without compromising the 



web runnability. 

An applicator apparatus according to the invention 
can be adapted very rapidly to accommodate different 
coat weights and paper grades. The memory of the con- 
5 trol computer can be used to store separately for each 
manufactured paper grade the optimal values of such 
control parameters as web speed, jet angle and exit ve- 
locity, coat feed pressure, desired coat weight and the 
others. Hence, at the coater startup phase toward the 
10 web "steady-state" running speed, the coat weight will 
immediately assume the correct or almost correct value. 
As the method includes a continuous coat weight and 
profile measurement and control, the apparatus is ca- 
pable of rapidly compensating for the wear of the slit 
15 orifice lips and other changes^caused by varying oper- 
ating conditions, whereby the coat weight attains its cor- 
rect value really rapidly. 

The apparatus has a compact design and lends it- 
self to be adapted in a desired position with respect to 
the web, also above the web. This facility makes the de- 
sign of the apparatus significantly easier with respect to 
prior-art embodiments. The invention may be exploited 
as a complementary part to existing coater stations so 
that the application step is followed by a doctor blade 
assembly or other smoothing device. Also in these ar- 
rangements, the accurate coat metering of the present 
method offers improved runnability and good coat sur- 
face quality. 

In the following the invention will be examined in 
greater detail by making reference to the appended 
drawings in which 

Figure 1 shows a schematic diagram of the appa- 
ratus according to the invention; 

Figure 2 shows a side view of the apparatus accord- 
ing to the invention; and 

Figure 3 shows a schematic diagram of the coating 
mix feed system in the apparatus according to the 
invention. 

In the following description, the term desired or tar- 
get value of applied coat refers to the amount of coat 
that shall stay adhering to the web surface after drying, 
that is, the desired final coat weight. Correspondingly, 
in multilayer coating, the term desired amount of coat is 
used to refer to the weight contribution of each coat layer 
in the final coat weight. 

The term slit orifice width is used to refer to the gap 
width between the orifice lips, while the ■term orifice 
length refers to the cross-machine length of the slit ori- 
fice. 

Referring to Fig. 1, applicator apparatus shown 
therein is adapted to operate against an unsupported 
web 1. Owing to the nonloading application technique 
of the method, the coating can be carried out on a belt- 
supported web, or even an unsupported web as illus- 
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trated in the drawings, which arrangement is differently 
from that of conventional coaters based on coating a 
backing-roll-supported web. The coater assembly com- 
prises a chamber 2, wheref rom exits a slit nozzle orifice 
5 formed by a fixed lower iip 3 and an adjustable upper s 
lip 4. To permit the volume rate of applied coating mix 
to be adjusted sufficiently small, the slit orifice 5 must 
be made very narrow. Typically, the gap width of the slit 
orifice must be in the order of 20 - 100 urn, but in some 
cases an orifice as wide as 200 um can be used. The 10 
present applicator is suited for a wide range of coat 
weights and web speeds, whereby the web speed may 
be in the range 1 00 - 3000 m/s and the final coat weight 
in the range 3 - 30 g/m 2 . One of the parameters affecting 
the coat amount transferred to the web 1 is the speed *5 
differential between the coating mix jet 6 and the web. 
The exit velocity of the jet 6 may be controlled by varying 
the internal pressure of the chamber 2, whereby the jet 
velocity may be set to 20 - 1 1 0 % of the web speed. Also 
the tangential angle a of the coating mix jet 6 with re- 20 
spect to the web can be selected relatively freely, but 
most advantageously the jet is directed at a slant angle 
of about 30° downstream with respect to the travel di- 
rection of the web surface. 

The narrow-gap slit orifice 5 is extremely demand- 25 
ing as to its manufacturing tolerances, and even the 
slightest mechanical wear will alter the dimensions of 
the orifice gap. Since coat formulations are made as 
mixtures of mineral pigments with water, they are ex- 
tremely abrasive to the equipment. In order to compen- 30 
sate for dimensional deviations of the slit orifice gap due 
manufacturing tolerances and wear, the position of the 
upper lip 4 is arranged controllable by means of contin- 
uously operating adjustment jacks 7. The jacks 7 are 
mounted on the coater frame 9 and their screws driven 3S 
by electrical motors abut the upper lip 4 of the slit orifice 
5. The amount of coat applied to the web 1 is measured 
and the position of the upper lip 4 is adjusted on the 
basis of this measurement information. As the coat 
weight gauges currently used are capable of extremely 40 
high definition and the lip control system can achieve a 
positioning precision of a few micrometers, the coat 
weight and profile can be controlled to desired values 
with a sufficiently high accuracy. Although the gap width 
of the slit orifice itself cannot be manufactured exactly 45 
to required values and the mechanical wear of the gap 
tends to increase the amount of applied coating mix, the 
profile control arrangement based on coat weight meas- 
urement is capable of compensating for both runtime 
changes in operating conditions as well as slit orifice gap so 
width deviations due to manufacturing tolerances that 
affect the volume rate of the coating mix jet. 

Now referring to Fig. 3, therein is illustrated an ar- 
rangement forfeeding the coating mix into the applicator 
according to the invention. An essential property of the ss 
present concept is that no return circulation of excess 
coat is needed, simply because no excess coat is ap- 
plied to the web. The formulated coat is placed in a feed 



container 10, wheref rom it is pumped along a feed line 
11 by means of a pump 12 to the applicator assembly 
16. In modem coat formulations having a high solids 
content, the viscosity will become so high that the coat- 
ing mix is difficult to force out via the narrow gap of the 
slit orifice. Hence, the pressure in the feed line 11 must 
be elevated by the pump 1 2 sufficiently high to achieve 
the required exit velocity of the coating mix jet. As the 
pressure level needed herein is dependent on the vis- 
cosity of the coat formulation, the gap width of the slit 
orifice 5 and the desired exit velocity of the coating mix 
jet, typically a pressure level of about 1 - 3 MPa must 
be used. 

Due to the extremely narrow gap width of the slit 
orifice 5 of the jet nozzle assembly the coat formulation 
must be strained very effectively prior to its feed to the 
applicator assembly 16. The strainer 15 is placed in-line 
as close as possible to the applicator 16 in order to avoid 
coat lumps possibly formed within the feed line 11 from 
entering the applicator 16. Since the mesh of the strainer 
1 5 must be so fine as to permit removal of particles larg- 
er than the gap width of the slit orifice 5, ultrafiltration 
techniques are advantageously used. Additionally, a 
second strainer can be placed in the coating mix cham- 
ber 2 of the applicator 16. Furthermore, entrained air 
must be removed effectively from the coating mix, 
whereby the size of air bubbles in the coating mix shall 
be smaller than the gap width of the slit orifice 5. In the 
embodiment of Fig. 3, air removal is performed with the 
help of a centrifugal air separator 14 placed in the feed 
line in front of the strainer 15. Air removal and filtration 
is relaxed by the fact that the system has no return cir- 
culation, whereby there is no need to arrange into the 
coating mix container 10 a strainer for a flow of recircu- 
lating coating mix containing a great amount of en- 
trained air and possibly coat lumps and other impurities, 
as is conventionally needed in prior-art coaters. In con- 
trast, the applicator 1 6 is now fed with virgin coating mix 
which is easily treated by straining and air removal prior 
to its entry into the coating mix feed container 10, and 
moreover, the air separator 14 and the strainer 15 
mounted in the coating mix feed line 1 1 provide the final 
guarantee of feeding the applicator 16 with a high-qual- 
ity coating mix. In addition to straining and air removal, 
the coating mix can be heated or cooled by means of a 
heat exchanger 13 mounted in the coating mix feed line 
11. 

Since the applicator apparatus according to the in- 
vention is capable of applying very light coal weights to 
the web surface, the coating mix jet cannot penetrate 
through the air layer travelling along with the moving 
web. Hence, the air layer must be removed from the web 
surface before the web meets the coating mix jet. This 
task can be performed using mechanical doctor devic- 
es, an air knife directed reverse to the machine direction 
of the travelling web or a suction device, whereby the 
air layer removing device is placed just in front of the 
coating mix jet. However, most advantageously the ap- 
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plicator assembly 1 5 is adapted into a vacuum chamber 
1 8, thus using a vacuum for preventing the escapement 
of the coat mist to the environment. Simultaneously, the 
above-mentioned air-removal devices can be used for 
preventing the entry of air into the vacuum chamber. 

The amount of applied coating mix is adjusted to 
the desired value by means of a control circuit including 
a coat weight gauge 19. Such coat weight gauging can 
be performed using any conventional measurement 
equipment whose function need not be described herein 
more precisely. The amount of applied coating mix is 
adjusted to its target value during system startup by 
means of varying the position of the upper lip in the jet 
nozzle applicator apparatus with the help of adjustment 
jacks 7 according to the measurement signal submitted 
by the coat weight gauge 1 9. The control of the final coat 
weight is performed by moving the upper lip 4 with the 
help of all jacks simultaneously in order to make the coat 
weight lighter or heavier, whereby the gap width of the 
slit orifice 5 is made smaller or larger, respectively. The 
coat profile is made level by controlling each of the jacks 
7 separately on the basis of the measured coat profile. 
The profile control facility may also be used to some ex- 
tent in compensating for the profile errors of the base 
sheet by adjusting the amount of coating mix applied to 
different areas of the web. Most advantageously, a com- 
puter 20 is used for processing the measurement values 
and computing the set values for the adjustment jacks. 
The computer 20 may be a separate unit, or alternative- 
ly, the required control software can be compiled into an 
integral part of the control software of the entire coater 
station. During the operation of the applicator appara- 
tus, the set values for different coat weights are stored 
in the memory of the control system, whereafter these 
stored parameters can be used as initial values for al- 
tering the coat weight, web speed or other parameters, 
thus permitting very rapid product changes and reduc- 
ing the amount of broke. 

In addition to or instead of the control of the lip po- 
sition of the slit orifice, the profile control of the linear 
coating mix jet applied to the web can be implemented 
by diluting the coating mix jet at selected points with wa- 
ter just prior to the spraying of the coat on the moving 
web. Herein, a jet section ejecting diluted coating mix 
gives an area of thinner final coat on the web, whereby 
a plurality of water injection nozzles placed in the appli- 
cator chamber make it possible to implement the coat 
profile adjustment by way of adjusting the cross-ma- 
chine solids content profile of the coating mix jet. The 
diluting water can be fed to the applicator assembly 1 6 
via a water infeed nozzle 17. 

In addition to those described above, the invention 
may have alternative embodiments. For instance, the 
above-mentioned adjustment jacks 7 can be replaced 
by other types of high-precision positioning devices. As 
the required control range is very small, the lip actuators 
need not produce a high force, since the upper lip of the 
slit orifice can be readily flexed by the required amount. 



Instead of the upper lip, the lower lip or even both lips 
can be adjusted. The preferred adjustment technique 
must be selected according to the desired tilt angle of 
the coating mix jet with regard to the web. If the jet is 

5 aligned downstream to the machine direction of the web, 
the upper lip is most advantageously adjusted as de- 
scribed above. The shape of the lips 3, 4 may be varied 
from that shown in the diagrams. 

After the application of coating mix in accordance 

to with the invention, the web can be subjected to further 
treatment in a desired manner. For instance, the web 
can be smoothed with the help of a doctoring device, or 
alternatively, calendered in order to improve the 
smoothness of the web. 

15 

Claims 

1. A method of coating a moving web of paper or pa- 
20 perboard, in which method the coating mix is ap- 
plied to the web (1) in the form of a jet (6) via a nar- 
row-gap slit orifice (5) extending at least over the 
portion of the cross-machine width of the web (1 ) to 
be coated, characterized in that 

25 

measuring the weight of the coat applied to the 
web (1 ) at least in the cross-machine direction 
of the web (1), and 



30 



35 



40 



45 



so 



55 



varying the volume rate of the coating mix 
sprayed via the slit orifice (5) at multiple points 
of the cross-machine width of the web (1) so 
that the amount of coating mix applied over the 
cross-machine width of the web (1) gives the 
desired coat thickness after the drying of the 
web. 

A method as defined in claim 1 , characterized in 
that the applied coat weight is controlled by adjust- 
ing the gap width of the slit orifice (5) at multiple 
points over the cross-machine width of the orifice. 

A method as defined in claim 1 or 2, characterized 
in that the applied coat weight is controlled by dilut- 
ing the coating mix with water prior to applying the 
coating mix to the web. 

A method as defined in any of foregoing claims, 
characterized in that the coating mix is applied 
from a slit orifice (5) having an average gap width 
smaller than 200 um, advantageously smaller than 
100 um. 

A method as defined in any of foregoing claims 1 - 
4, characterized in that the gap width of the slit or- 
ifice (4) is altered by adjusting the position of one 
lip (4) of the slit orifice (5) with regard to the opposite 
lip (3). 
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6. A method as defined in any of foregoing claims, 
characterized in that the weight and profile of the 
coat applied to the web (1 ) is measured, and based 
thereon, the gap width of the slit orifice (5) is altered 
over its entire length to set the desired final coat 
weight and is additionally separately adjusted at in- 
dividual points of the orifice to control the cross-ma- 
chine profile of the applied coat. 

7. A method as defined in any of foregoing claims, 
characterized in that the air layer carried along with 
the moving web (1 ) is doctored away from the sur- 
face of the web (1 ) prior to directing the coating mix 
jet (6) to the surface of the web (1 ). 

8. A method as defined in any of foregoing claims, 
characterized in that in the vicinity of the coating 
mix jet (6) is adapted a vacuum zone serving to pre- 
vent the air layer carried on the surface of the mov- 
ing web (1) from reaching the coating mix jet (6). 

9. A method as defined in any of foregoing claims, 
characterized in that the coating mix is fed from a 
coating mix container (10) under pressure into the 
slit orifice (5), and prior to feeding the coating mix 
into the slit orifice (5), entrained air is separated 
from the coating mix and the coating mix flow is 
passed via a strainer. 

10. An assembly for coating a moving web of paper or 
paperboard, said assembly comprising an applica- 
tor (16) for applying a coating mix to the web (1 ) in 
the form of linear jet (6) ejected via a narrow-gap 
slit orifice (5) adapted to extend at least over the 
portion of the cross-machine width of the web (1 ) to 
be coated, characterized by 

means for gauging the coat weight applied to 
the web (1 ) at least in the cross-machine direc- 
tion, and 

control elements (7, 8) for altering the amount 
of coating mix in the jet, which is ejected from 
the slit orifice (5), at multiple points along the 
cross-machine width of the web (1 ) so as to ap- 
ply via the slit orifice (5) to the entire cross-ma- 
chine width of the web (1) such an amount of 
the coating mix that after the drying of the web 
gives the desired coat thickness on the coated 
web. 

11. An assembly as defined in claim 10, characterized 
by means (7 : 8) for adjusting the gap width of the 
slit orifice (5) at multiple points of the orifice over the 
cross-machine width of the orifice (5). 

12. An assembly as defined in claim 10 or 11 , charac- 
terized in that the coating mix is applied from a slit 



orifice (5) having an average gap width smaller than 
200 urn, advantageously smaller than 100 um. 

13. An assembly as defined in any of foregoing claims 
5 10-12, characterized by means (7, 8) for control- 
ling the gap width of the slit orifice (4) through ad- 
justing the position of one lip (4) ol the slit orifice (5) 
with regard to the opposite lip (3). 

10 14. An assembly as defined in any of foregoing claims 
10-13, characterized by means (19) for measur- 
ing the weight and profile ol the coat applied to the 
web (1), and based thereon, for altering the gap 
width of the slit orifice (5) over the entire length of 

15 the orifice (5) in order to set the desired final coat 
weight, and additionally, separately at individual 
points over the web in order to control the cross- 
machine profile of the applied coat. 

20 15. An assembly as defined in any of foregoing claims 
10-14, characterized by means for doctoring the 
air layer carried along with the moving web (1 ) away 
from the surface of the web (1 ) prior to directing the 
coating mix jet (6) to the surface of the web (1 ). 

25 

16. An assembly as defined in any of foregoing claims 
10 - 15, characterized by means (18) for generat- 
ing in the vicinity of the coating mix jet (6) a vacuum 
zone serving to prevent the air layer carried on the 

30 surface of the moving web (1) from reaching the 
coating mix jet (6). 

17. An assembly as defined in any of foregoing claims 
10 - 16, characterized by a pump (12) for feeding 

35 the coating mix from a coating mix container (10) 
under pressure via a feed line (1 1 ) into the slit orifice 
(5) and by an air separator (14) and a strainer (15) 
adapted in the feed line. 

40 18. An assembly as defined in any of foregoing claims 
10 - 16, characterized by means (17) for adding 
water into the coating mix prior to the application of 
the coat to the web. 
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